ABSTRACT U.V. microspectrophotometry has been used to calculate quantities of nucleic acids and proteins of complete polytene chromosomal sets and specific regions of these chromosomes. It has been found that in chromosomes the ratio of DNA to proteins is approximately 1:4. This ratio however changes when specific regions are compared. The average ratio of DNA to proteins in a puffed region (2-48B 4 C5) increases to 1:16 in contrast to 1:6 from the same region but in non puffed state. At the same time the RNA quantity increases by a factor of 2. Thermal denaturation profiles of formaldehyde fixed chromosomes show that the Tm of this region in puffed and non puffed state differ by 10°C. Moreover these profiles suggest that a large fraction of histone-bound DNA is destabilized during puffing.
INTRODUCTION
Autoradiographic studies on polytene chromosomes have revealed that puffs are sites of active RNA synthesis (1) . The relationship between specific cell functions, changes in the pattern of protein synthesis and puffing has been studied (2, 3, 4, 5) . Such results indicate that there is a direct correlation between the appearance of specific proteins in the cytoplasm and new chromosomal puffs. This implies a large-scale synthesis of mRNA.
Feulgen and U.V. photometric determinations (6, 7) have provided some quantitative estimates of the DNA content of individual chromosome regions in salivary gland cells of Drosophila. There is no indication of any change in DNA content in regions of puffing. The DNA:protein ratio in inactive chromosome regions is fairly constant (8) . Rudkin, however, has shown that the protein content of active regions increases relative to their inactive state (9) . Moreover, in polytene chromosomes of Drosophila one of the first events occurring upon gene activation is a local accumulation of non-histone proteins (10, 11, 12) .
Most of our knowledge about changes in concentration of non-histone proteins during transcription come from studies of tissue-isolated chromatin (13, 14) .
Different macromolecules associated with DNA might be critical in determining changes in packing and also in the relative availability of DNA to transcription. Recently, Weintraub and Groudine (15) have shown that the DNA of active genes is more sensitive to attack by pancreatic DNase I.
Analysis of transcriptional activities of chromosome loci and studies on the relationship between structure and function of both histone and non-histone proteins are important to understand the molecular organization of the RNAsynthesizing regions of eukaryotic chromosomes.
We lack data on the DNA, RNA and protein content of inactive and experimentally activated regions. No structural analysis has been performed on these regions in situ. The polytene chromosomes of Diptera provide excellent material for studies on the relative distribution of macromolecules between puffed and non-puffed regions. Note, however, that non-puffed loci, in polytene chromosomes, are not always equivalent to non-RNA-synthesizing regions (16, 17) . We have studied region 2-48B 4 C 5 in the 2nd chromosome of D. hydei in some detail because it is easy to delimit accurately under the microscope and puffing can be triggered by temperature shock. The puffing of this region is correlated with an increase in mitochondrial tyrosine aminotranferase activity (18) .
MATERIAL AND METHODS

Microspectrophotometry
Experiments were made on salivary-glands isolated from late third-instar larvae of D.hydei. In order to induce puffing of region 2-4813^5, the larvae were heat-treated at 37°C, for 1/2 hr (19) . After dissection, the salivary glands were fixed either for 5 min in absolute ethanol:acetic acid (3:1) or for 2 min in 2% formaldehyde (in 0.1 M phosphate buffer, pH 7.5).
Glands were then squashed in 45% aqueous acetic acid, on quartz slides.
Preparations were post-fixed for l/2h in 2% formaldehyde in absolute ethanol.
The fixation and squashing was done at 4°C. Some of the preparations were treated with a mixture of pancreatic RNase A (lmg/ml) and 100 units/ml of RNase T , in 2 x SSC (1 x SSC = 0.15M NaCl -0.015M Na citrate), for 2 hrs at 37°C. After being extensively rinsed in 0.1 x SSC, all preparations were dehydrated through a series of concentrations of ethanol and then air-dried.
The ultraviolet absorption was measured at the wavelenghts 260,280,310 and 320 ran. Measurements were made in triplicate. A Zeiss microspectrophotometer connected to a PDP 12 computer was used. A Neofluar 100 x immersion objective was employed under glycerol. The scanning raster was adjusted to correspond to the puffed and non-puffed a r e a . Scan l i n e s were 0.5/i a p a r t .
The surface area of specific puffs may vary from chromosome to chromosome within the same gland. This might also be a l t e r e d during squashing. In good preparations however, i t i s possible to find a number of non-puffed and puffed regions with very similar a r e a s . The non-puffed and puffed regions measured had an area of 21 + 1 and 7 9 + 1 p^ r e s p e c t i v e l y . Nuclei from the d i s t a l part of l a t e third i n s t a r larvae s a l i v a r y glands are inactive in DNA s y n t h e s i s , and for t h i s reason were always chosen for measurements.
Background contamination was allowed for by measuring the absorption a t d i f f e r e n t wavelenghts (260,280 nm), close to the non-puffed or puffed a r e a .
Determination of DNA and protein content.
The quantity of nucleic acids and proteins was calculated from the absorption according to the formula of Sandwritter (20) and Warburg and Christian (21) . This formula was modified because, using the microspectrophotometer, From a total of 40 different measurements at wavelenghts 260 and 280 nm, from 4 slides, it was observed, that the ratio of nucleic acids to proteins in complete chromosomes is aproximately 1:4 (see Table 1 ). We have taken therefore the value at 280 nm of chromosomal proteins as 0.54. This corresponds to the absorption of a lmg/ml solution of a 1:3 mixture of histone and non-histone proteins.
We have assumed that in chromosomes the total absorbance (E ) at 260 nm = E260 due to DNA + E260 due to proteins + E260 due to light scattering and, similarly, that E 280 nm = E280 due to DNA + E280 due to proteins + E280 due to light scattering. In order to correct for scattering at 260 nm and 280 nm, measurements were taken at 310 and 320 nm and extrapolating to lower wave-lengths; for most of the measurements the ratio of scattering E320/E260= =0.05. From our data we have deduced the following formula: Berendes (19) . In the chromosomal sets studied, the estimated quantity of DNA varies within a small range. However the quantity of RNA varied considerably from set to set being 1/3 to 1/4 of the amount of DNA. We also estimated a value of 4.54 i 0.12 pgr DNA for the 6th chromosome using U.V..
We previously obtained a value of 4.45 t 0.32 pgr DNA by Feulgen staining taking human erytrocyte nucleic as a standard.
The average protein content of isolated nuclei estimated using lowry's method was 1.65 ngr. The protein content of these nuclei calculated from U.V. measurements varied from 1.50 to 1.75 ngr. Therefore the U.V. method can be used to accurately determine the quantities of nucleic acids and proteins of specific regions of chromosomes in fixed, unstained preparations.
However, the proportion of nucleic acids to proteins can not be accurately measured in samples containing more nucleic acid than protein because of the low absorbance of proteins at 260 and 280 nm.
In chromosomes the mean ratio of nucleic acids to proteins is approximately 1:4 (see Materials and methods, Table 1 ). The ratio E260/E280 nm of nonpuffed chromosomal regions is within the same range (1.50 t 0.01). This implies that the nucleic acid:protein ratio may be constant along the chromosome. This ratio changes however when short regions are compared. The difference in ratios between region 1A-B (in the proximal, heterochromatic, end of the X chromosome) and the average value of the 6th chromosome (which occupies a similar area as region 1A-B) is 1.68 t 0.01 compared to 1.52 t 0.01 respectively. From these data we estimated that while the proportion of nucleic acids to proteins in the 6th chromosome is about 1:4, it is approximately 1:1.5 in subregion 1 A-B. However, the difference in ratios does not seem to quantitatively affect transcription as observed by grain counting after a short 3 H-uridine pulse. It is worth noticing that region 1A-B is rich in repetitive sequences. There is no firm evidence on the correlation between the protein content or the number of repetitive sequences of a region on its rate of transcription.
It seems possible that both factors might modify the internal structure of the chromatin and thus influence transcription (30, 15) . Evidence that this may occur during puffing is given below.
II DNA, RNA and protein content of region 2-48B 1> C 5 estimated by U.V.
As postulated by Swift (10) and Berendes (11) for dipteran giant chromosomes, the local accumulation of non-histone protein might be the first event occurring on gene activation in eukaryotes. Considerable interest is now being shown in the non-histone proteins which appear to be involved in regulating DNA transcription. Efforts have been made to correlate this finding with the levels of RNA synthesis. We have attempted to study and quantify the changes in protein and RNA content in a non-puffed and experimentally puffed RNA-synthesizing region: 2-186^5 in the second polytene chromosome of D. hydei. The numbers represent mean values of quantities of DNA, RNA and proteins in picograros. SD are given frr each value. Table 2 shows that the average ratio of nucleic acids to proteins in region Table 3 shows that the DNA content is constant. This data has been also confirmed by U.V. measurements. Puff 5-95D is a very active RNAsynthesizing region and may vary greatly in diameter. It is true however that variations in DNA content of less than 5% would be overlooked.
Thermal denaturation profiles
Typical thermal denaturation profiles of region 2-48B 4 C5 in puffed and nonpuffed states are shown in Fig. 1 . The curves of the integrals have been plotted as the ratio of the maximum absorbance at 100°C to the maximum absorbance at 20°C. The Tm of the profiles differ by 10°C being lower that of the puffed region.
Meltings of nucleohistones are difficult to analize because they may obscure several transitions. In Fig. 2 , the derivative plots of the melting profiles of Fig. 1 are plotted in the form (100/ARt ) . (dRT/dT) where ARt is In our experiments there is a shoulder to the left of fraction IVa at about 70°C. Similarly, 3 main transitions can be resolved in the derivative melting profiles of the same region in the puffed form. In the melting of the puffed region a new fraction (lib) appears with peak at 62°C in addition to two fractions, similar to la at 42°C and IVa at 82°C, in the non-puffed state.
The melting fraction with peak at 82°C corresponds to histone-bound DNA (33) . Probably fraction lib with peak at 62°C corresponds to an altered or denatured nucleoprotein structure, and fraction la and Ib at 42°C to naked DNA. The significance of fraction Ila at 52°C is not clear. It may be caused by the melting of short intra-or internucleosomal histone neighboring DNA segments (27) . By calculating the area under each peak, the fraction of DNA which has that specific thermal stability can be estimated. Table H shows the DNA-fraction within each peak. It can clearly be observed that the area under IVb in the melting of the puffed region decreases relative to the same one in the non-puffed region. In addition the area under lib, present in the melting of the puffed but, not in the Since the biological function of chromatin might be related to its internal organization, the modulation of gene activity may happen via changes in chromatin structure. It has been shown that optical melting profiles of inctact chromatin, and chromatin from which part of the histones have been removed, generally contain four fractions with peaks at 42°C, 52°C, 66°C
and 81°C (40, 41) . Most of these studies however have been made with unfractioned chromatin, where a heterogeneous population of active and inactive genes would be present.
In agreement with the results of Frenster (42) we have found that the DNA of an active region has a Tm (temperature at which 50% of the DNA is denatured) lower than that of the DNA of a similar region but in non-puffed form. Such DNA also exhibit several transitions.
The fraction melting at 42°C which is found in both puffed and non-puffed regions, in different proportions, corresponds to that of naked DNA. The fraction which melts at 52°C, not present in puffed regions, may correspond to naked DNA in close apposition to histone-bound DNA. The fraction at 82°C corresponds to histone bound DNA. A fraction melting at 66°C was not detected. As indicated by Li (42) , fractions at 66°C and 81°C in the melting of histone-bound DNA segments from MgCl ? -treated nucleohistones, combine to form a fraction with a broad melting peak, when treated with formaldehyde.
In contrast, during the melting of a puffed region a broad melting fraction at 62°C is detected. The area under the curve of this fraction (26% of
•the total) is equivalent to the reduction of the fraction melting at 82°C and represents at the haploid level 5.4xlO" 5 pg DNA. This quantity of DNA corresponds to that of bands 2-48B,Bg which have been described as descoiling and containing RNP particles during puffing (43) . The source of the fraction at 62°C is not obvious. It is possible that it comes from the destabilization of histone-bound DNA melting at 82°C and does not correspond to melting of naked DNA. We interpret the 62°C fraction as the melting of non-histone: histone protein-bound DNA segments. 
